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Abstract
Background: Multiple disciplines have described an “after-hours effect” relating to worsened mortality and
morbidity outside regular working hours. This retrospective observational study aimed to evaluate whether
diagnostic accuracy of a common surgical condition worsened after regular hours.
Methods: Electronic operative records for all non-infant patients (age > 4 years) operated on at a single centre
for presumed acute appendicitis were retrospectively reviewed over a 56-month period (06/17/2012–02/01/2017). The
primary outcome measure of unknown diagnosis was compared between those performed in regular hours
(08:00–17:00) or off hours (17:01–07:59). Pre-clinical biochemistry and pre-morbid status were recorded to
determine case heterogeneity between the two groups, along with secondary outcomes of length of stay
and complication rate.
Results: Out of 289 procedures, 274 cases were deemed eligible for inclusion. Of the 133 performed in
regular hours, 79% were appendicitis, compared to 74% of the 141 procedures performed off hours. The
percentage of patients with an unknown diagnosis was 6% in regular hours compared to 15% off hours (RR
2.48; 95% CI 1.14–5.39). This was accompanied by increased numbers of registrars (residents in training)
leading procedures off hours (37% compared to 24% in regular hours). Pre-morbid status, biochemistry, length
of stay and post-operative complication rate showed no significant difference.
Conclusions: This retrospective study suggests that the rate of unknown diagnoses for acute appendicitis
increases overnight, potentially reflecting increased numbers of unnecessary procedures being performed off
hours due to poorer diagnostic accuracy. Reduced levels of staffing, availability of diagnostic modalities and
changes to workforce training may explain this, but further prospective work is required. Potential solutions
may include protocolizing the management of common acute surgical conditions and making more use of
non-resident on call senior colleagues.
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Background
Recently, there has been much debate over the exist-
ence of a ‘weekend effect,’ accounting for excess mor-
tality in those patients treated at the weekend [1].
Recent discourse was largely initiated by Freemantle
et al. in 2012 who described a 16% increase in 30-day
mortality between patients admitted on a Sunday
compared to a Wednesday [2]. This has since been
challenged, with follow-up work by the same group
not explicitly linking day of the week to mortality,
but still describing a statistical variation [3]. However,
despite much of the current focus on these two stud-
ies, this variation has been described for several de-
cades, across many specialties [4–8]. This effect on
mortality has been seen both in narrow subsets of pa-
tients (e.g. those presenting with myocardial infarc-
tions), and more broadly in all patients admitted at
the weekend [9–11]. Surgery is no exception to this
and similar results have been reported in both the
elective and non-elective surgical caseloads in studies
focussing on procedures performed on Saturdays or
Sundays [12, 13].
Given this large body of sometimes conflicting evi-
dence, finding explanations for this variation are challen-
ging. Concha et al. suggested that the perceived
suboptimal quality of care may be caused by reduced
staffing levels or that patients who present outside of
regular working hours have a greater burden of comor-
bidities with a worse pre-morbid state [14]. Bray et al.
examined this effect in 74,307 stroke patients finding
several patterns of weekly variation, not just at the week-
end [15]. They go on to argue that the notion of a week-
end effect is likely something of an oversimplification
and that future investigatory work should focus on redu-
cing variation in quality [15].
This variation in weekly patterns is again reflected in
some surgical studies that have found evidence of poorer
morbidity and mortality outcomes from procedures per-
formed overnight. One study examining non-elective
laparoscopic cholecystectomies performed in the even-
ing reported an odds ratio as high as 3.33 for
post-operative complications [16] although other studies
describe no such variation [17]. It is notable however,
that studies examining variation in care are often natur-
ally focussed on morbidity and mortality, while there is
little evidence regarding the diagnostic accuracy of pro-
cedures performed outside of regular working hours.
This is despite these procedures being performed in a
clinical setting with reduced staffing levels and with lim-
ited availability of diagnostic modalities.
Therefore, the primary aim of this retrospective obser-
vational analysis was to test the hypothesis that diagnos-
tic accuracy would be reduced in the off hours setting,
given the aforementioned challenges. To demonstrate
this, management of a common acute surgical presenta-
tion was to be reviewed, namely acute appendicitis, with
procedures resulting in an unknown pathology deemed
to be a false-negative diagnosis. Appendicitis is one of
the commonest general surgical presentations, with a
lifetime risk of 7–8% and 34,600 cases reported a year in
England alone [18, 19], but also can be one of the more
challenging to diagnose, with vague symptoms initially
and a wide differential. Accordingly, a false-negative ap-
pendicectomy rate of anywhere up to 25% has been his-
torically deemed acceptable, with rates even higher in
women due to the broader range of possible pathology
[20, 21]. Given the difficulty in accurately diagnosing this
condition and the large number of presentations, this
was deemed to be a sensitive marker for variation in
diagnostic accuracy.
Secondary aims included measures to evaluate if there
was any concurrent variation in case mix between pa-
tients admitted off hours and in regular hours by review-
ing pre-morbid status and pre-operative diagnostic tests.
Theatre records including length of procedure, ASA sta-
tus and grade of primary surgeon were also collected.
Further, post procedural outcomes including length of
stay and complication rates were reviewed.
Methods
Patients were selected retrospectively from emergency
theatre records logged in the Centricity™ Opera database
(General Electric Healthcare) in a single centre over 56
months from 17th June 2012 to 1st February 2017,
representing the complete set of records available since
use of this database commenced. All non-infant patients
(i.e. age > 4 years) who presented to the surgical admis-
sions unit within the centre who were subsequently
taken for an operation for presumed appendicitis were
deemed eligible for inclusion. Cases were excluded if a
formal diagnosis was not recorded histologically and/or
on the discharge summary document.
Patients were classified according to their final con-
firmed diagnosis which comprised of three cohorts; ap-
pendicitis, other pathology (including irritable bowel
disease, neoplasm, gynaecological and other miscellan-
eous findings) and unknown (no clear diagnosis either
histologically or on the discharge record).
Data were also gathered on the grade of primary sur-
geon (registrar or consultant, equivalent to resident in
training or attending surgeon respectively), as well as pa-
tient demographics, length of stay and complication
rates (within 30 days including readmissions related to
their surgery). Pre-operative data was also recorded, in-
cluding; American Society for Anaesthetists (ASA) sta-
tus, white cell count (WCC) and c-reactive protein
(CRP) to determine the heterogeneity between the cases
sampled.
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Patients were stratified into two groups: ‘regular hours’
or ‘off hours’ based on the time they arrived in the an-
aesthetic room. Regular hours were defined as 08:00 to
17:00, reflecting the normal daily duration of consultant
cover on the surgical admissions unit (including at
Saturday and Sunday) while off hours were defined as
17:01 to 07:59 where staffing numbers fell to on-call levels.
The primary outcome measure of this study used to
reflect diagnostic accuracy was the unknown diagnosis
rate, with the hypothesis being supported if a greater
number of unknown diagnoses occurred in the off hours
settings. If patients were taken for emergency surgery
querying appendicitis and their histological/discharge
diagnosis was unknown, this was classified as a negative
diagnosis. Secondary outcomes included post-operative
length of stay and complication rate.
Statistical analysis was performed using SPSS (version
25). All recorded parameters were evaluated using de-
scriptive statistics and the relative risk of a negative diag-
nosis was calculated between the off hours and regular
hours patient group with a significance level of 0.05.
Ethical approval was sought through the Caldicott
Guardian to access patient records. All data was stored
on a secured database in a password protected file with
patient identifies anonymised.
Results
Over the 56-month period, 289 patients underwent
emergency surgery for presumed appendicitis within the
institution. Of these cases, 274 patients were identified
for inclusion into the study (59.1% male, n = 162: 40.9%
female, n = 112) with 15 cases excluded due to no con-
firmed diagnosis being recorded either histologically or
on discharge documents. In regular hours, 133 patients
underwent emergency surgery. The mean age of this
group was 32.6 years (± 2.916) and of these, 78.9% had a
confirmed diagnosis of appendicitis. In off hours, 141
patients were operated on, with a mean age of 32.2 (±
3.236) of whom 73.8% were confirmed to have appendi-
citis (summarised in Table 1).
Pre-operatively, abnormal biochemistry markers were
observed in 86.5% of cases admitted in regular hours,
while similarly 85.1% of off hours patients were found to
be abnormal. Negligible difference was also observed in
pre-operative ASA status (Table 2) between regular and
off hours cases (Fig. 1) indicating a high degree of
homogeneity between the two groups.
The primary outcome measure of diagnostic outcomes
showed no significant variation between regular and off
hours for rates of appendicitis or other pathology. How-
ever, there was a significant difference between rates of
unknown diagnoses, comprising 14.9% of cases operated
on off hours compared to 6.0% of cases operated on in
regular hours (Table 3).
The relative risk of having an unknown diagnosis from
a procedure performed off hours was 2.5 times that
of one performed in regular hours (RR 2.48; 95% CI
1.14–5.39). The only other difference observed be-
tween the two patient groups was the grade of the
lead surgeon, which was registrar (or resident in
training) led in 24% of cases in regular hours, rising
to 37% in the off hours setting.
Secondary outcome measures of length of stay showed
no significant difference with a mean of 3.9 days for
regular hours patients, compared to 3.6 for off hours pa-
tients, while 30-day complication rates were also similar
at 13.5 and 12.1% respectively.
Discussion
Following our review of this 56-month period, the hy-
pothesis that diagnostic accuracy is reduced in the off
hours setting would seem to be confirmed with patients
having nearly 2.5 times the rate of an unknown diagnosis
than those undergoing procedures in regular hours. This
finding may therefore reflect an increased number of un-
necessary emergency operations being undertaken, ex-
posing patients to increased risks and side effects for no
benefit if admitted or operated on outside of regular
working hours. No other significant difference between
the two groups was found, apart from the grade of lead
surgeon recorded, with registrar led procedures increas-
ing by a third (from 24 to 37%) in the off hours setting.
However, this does not necessarily confer a causative re-
lationship and the reasons for any such link are likely
Table 1 Patient Episode Characteristics
Variable In Hours (n = 133) Out of Hours (n = 141)
Mean Age ± SD 32.617 ± 2.916 32.17 ± 3.236
Operating Time, hrs
Mean ± SD 1.253 ± 0.106 1.17 ± 0.093
Grade of Surgeon, n (%)
Consultant Lead 101 (76%) 89 (63%)
Registrar Lead 32 (24%) 52 (37%)
Length of Stay
Mean ± SD 3.86 ± 0.729 3.577 ± 0.749
Complications (%) 18 (13.5%) 17 (12.1%)
Table 2 Patient Pre-Morbid Status
ASA Status No. of Patients (%)
In Hours (n = 133) Out of Hours (n = 141)
I 39 (29.3%) 48 (34.0%)
II 23 (17.3%) 20 (14.2%)
III 8 (6.0%) 4 (2.8%)
IV 1 (0.8%) 0 (0.0%)
Not Known 62 (46.6%) 69 (48.9%)
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complex. Pre-operative morbidity (characterised by ASA
status) in both groups was nearly exactly the same and
no significant variation was found in the length of stay
or 30-day post-operative complication rates. However it
is notable that in this centre the negative diagnosis rate
for both groups (at 6.0% in regular hours and 14.9% for
off hours patients) both remain below rates historically
considered acceptable [22], with minimal variation of
positive diagnoses of appendicitis between the two
cohorts.
An initial concern when gathering the data was that
although the defined time periods of off hours and regu-
lar hours mirrored the working patterns of the hospital.
The off hours period, as defined in this study, was twice
as long as the regular hours period, potentially skewing
the results. However, our data has found that of the 274
records included, 48.5% of procedures were performed
in regular hours, while 51.5% were performed off hours,
a near even balance. Further adding confidence to the
heterogeneity of the case mix analysed was the lack of
variability in ASA status and pre-operative biochemistry
between the two groups, which is likely to be expected
for emergency admissions relating to acute appendicitis.
As mentioned before, while appendicitis is a common
surgical presentation, it can also be non-specific in its
symptoms and often mimicked by other pathologies. In
the off hours setting, with less diagnostic modalities
available for borderline cases, the decision to not operate
becomes more challenging, especially when balancing
intervention against the risk of more serious sequelae
such as perforation [23]. Changes made to training path-
ways resulting in a decrease in working hours and ex-
posure to such unclear cases may also be playing a role
in this variation [24]. Decisions on operating off hours
are often also made in a higher stress environment as
staffing levels fall and individual workload increase. Rela-
tive inexperience and a higher workload have been pre-
viously recognized as playing a role in worsening of
outcomes [25, 26], and it would be unsurprising to also
find these also playing a deleterious role in diagnostic
decision making.
It is also noteworthy that there appeared to be no sig-
nificant variation in our study of complication rate or
length of stay between the two groups. This aligns with
prior research which shows that appendicectomies per-
formed by surgical trainees has similar outcomes to pro-
cedures performed by consultant surgeons [27]. Our
findings would therefore suggest that any potential vari-
ation in quality exists in the pre-procedure stage, rather
than intra or post-operatively.
Solutions
While it is difficult to improve upon staffing levels or
diagnostic availability in the off hours setting without in-
creasing healthcare resource allocation, there may be
simpler ways to support decision making. The data gath-
ered shows that the vast majority of off hours proce-
dures are initiated within the 17:01–00:00 period (87%)
Table 3 Comparison of Diagnostic Outcomes
Diagnosis No. of Patients (%)
In Hours (n = 133) Out of Hours (n = 141)
Appendicitis 105 (78.9%) 104 (73.8%)
Other 20 (15.0%) 16 (11.3%)
Unknown 8 (6.0%) 21 (14.9%)
Fig. 1 ASA Score: Regular Hours vs Off Hours
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and accordingly that non-resident on call consultants
who provide senior cover for advice would likely be
readily available to discuss borderline cases. While ap-
pendicitis is seen as an index surgical diagnosis, it may
be that encouraging discussions with senior surgeons
when off hours staff are uncertain could provide added
insight and reduce the rate of unknown diagnoses occur-
ring outside of regular hours, due to fewer unnecessary
procedures.
A protocolized approach to pre-operative workup may
also ensure standardization of the decision over when to
operate. While prior research has suggested that history
and examination may be sufficient for the majority of
patients [28], protocolizing management may provide
some benefit for those difficult to assess. Such protocols
for diagnosing and managing appendicitis have already
been suggested but challenges remain in this regard [29,
30]. Several scoring systems for acute appendicitis (such
as MANTRELS or Alvarado) have been found to not
meet performance benchmarks, and although it has been
suggested that negative biochemical markers of inflam-
mation could be used to rule out acute appendicitis, this
remains a topic of some debate [31, 32].
Limitations
Interpretation of the above findings must also consider
several sources of bias that may have occurred. Firstly,
retrospective studies relying on a mixture of data may
lack reliability. This is especially the case when analysing
electronically generated records for diagnoses, which al-
though must be entered on a discharge summary, may
often be produced by a ward doctor unfamiliar with the
case and therefore erroneous. Error also may arise by
relying on theatre logs that have not been validated
against paper records detailing the grade of the lead sur-
geon or the intra-operative findings. This may influence
the rate of unknown procedures being performed by reg-
istrars, as our study has described an improbably high
number of off hours procedures with a consultant listed
as the lead surgeon, despite them being non-resident on
call in that period. This could well underrepresent the
rate of registrars performing procedures resulting in an
unknown diagnosis outside of regular working hours.
Records were also allocated to regular or off hours
based on emergency theatre logs and the point at which
the patient arrived in the anaesthetic room. Ultimately,
this is a crude measure and may not accurately reflect
the decision-making process. Patients admitted in regu-
lar hours may be seen by the consultant leading that
day’s patient intake but operated on in the off hours
period as clinical necessity dictates. However, this ana-
lysis assumes that all cases arriving after 17:00 have had
their treatment pathway decided by the off hours cover-
ing team, which consists of different doctors to those
working the regular day shift. This may be especially
problematic for patients who begin their procedure close
to the boundaries of the two periods as they may well
have been seen on the acute surgical receiving unit sev-
eral hours earlier and had their management determined
by senior colleagues. This crude measure could be re-
fined if data on time of patient presentation was avail-
able from retrospective records but unfortunately this
was not collected in the databases analysed.
Similarly, using ASA status and pre-operative bio-
chemistry to assume heterogeneity of the cohorts is a
crude measure. In addition, the majority of cases had no
entry recorded relating to ASA status. While our data
found that pre-morbid results correlated closely between
the two groups, this large number of missing records ul-
timately means there is significant room for variation.
Given that our analysis appears to show variation oc-
curring within the pre-procedure setting, future work
must focus on this decision-making pathway. This would
likely require a prospective design which validates elec-
tronic records with paper operative notes, and also doc-
uments the lead clinical decision maker as well as the
lead surgeon. Furthermore, without a clear documenta-
tion of the time at which the decision to operate was
made, or recording the initial time of patient presenta-
tion, it remains difficult to conclusively determine
whether said variation in diagnostic accuracy between
off hours and regular hours truly exists.
Conclusions
The ‘after hours effect’ has thus far largely been attrib-
uted to morbidity, mortality and post-operative compli-
cations, we now conclude that this may also be extended
to the pre-procedure setting, in the form of diagnostic
accuracy, with more unknown diagnoses stemming from
procedures performed in the off hours setting compared
to those under taken in regular working hours. However,
despite this variation, our findings demonstrated that the
frequency of negative diagnoses in the two cohorts were
well below historical rates. Nevertheless, a service work-
ing with reduced staffing levels, reduced availability of
diagnostic modalities on a backdrop of recent changes
to workforce training may explain increased rates of pro-
cedures resulting in unknown diagnoses, but further
work is required to definitively prove this hypothesis.
Potential solutions may include protocolizing the man-
agement of common acute surgical conditions to pre-
vent unnecessary procedures being performed in the off
hours setting, while also making more use of
non-resident on call senior colleagues for difficult or
atypical cases.
Abbreviations
ASA: American Society of Anaesthetists; CRP: C-Reactive Protein; RR: Relative
Risk; WCC: White Cell Count





Availability of data and materials
Data to be retained for 8 months per Caldicott Guardian application,
Statistical Analysis available thereafter.
Authors’ contributions
Kirit Singh (KS) initiated the project, gathered, reviewed and analysed data,
and initially drafted the submitted manuscript as well as worked on the
subsequent revision. He is guarantor. Michael Wilson (MSJW) gathered data
and provided input for re-drafting the initial manuscript. Maria Coats (MC)
provided project oversight and revised the draft paper.
Ethics approval
Caldicott approval was sought and granted for retrospective access to data.
Caldicott Ref: IGTCAL5031.
Consent for publication
No patient specific data to be published, retrospective analysis performed
only.
Competing interests
No conflicts of interest to declare.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 28 August 2018 Accepted: 5 December 2018
References
1. Godlee F. The “weekend effect”. BMJ. 2016;353:i2801.
2. Freemantle N, et al. Weekend hospitalization and additional risk of death: an
analysis of inpatient data. J R Soc Med. 2012;105(2):74–84.
3. Freemantle N, et al. Increased mortality associated with weekend hospital
admission: a case for expanded seven day services? Bmj. 2015;351:h4596.
4. Bhonagiri D, Pilcher DV, Bailey MJ. Increased mortality associated with after-
hours and weekend admission to the intensive care unit: a retrospective
analysis. Med J Aust. 2011;194(6):287–92.
5. Cram P, et al. Effects of weekend admission and hospital teaching status on
in-hospital mortality. Am J Med. 2004;117(3):151–7.
6. Laupland KB, et al. Hospital mortality among adults admitted to and
discharged from intensive care on weekends and evenings. J Crit Care.
2008;23(3):317–24.
7. Barnett MJ, et al. Day of the week of intensive care admission and patient
outcomes: a multisite regional evaluation. Med Care. 2002;40(6):530–9.
8. Tung YC, Chang GM, Chen YH. Associations of physician volume and
weekend admissions with ischemic stroke outcome in Taiwan: a nationwide
population-based study. Med Care. 2009;47(9):1018–25.
9. Bell, C.M. and D.A. Redelmeier, Mortality among Patients Admitted to
Hospitals on Weekends as Compared with Weekdays. https://doi.org/10.
1056/NEJMsa003376, 2001.
10. Kostis WJ, et al. Weekend versus weekday admission and mortality from
myocardial infarction. N Engl J Med. 2007;356(11):1099–109.
11. Barba R, et al. Mortality among adult patients admitted to the hospital on
weekends. Eur J Intern Med. 2006;17(5):322–4.
12. Aylin P, et al. Day of week of procedure and 30 day mortality for elective
surgery: retrospective analysis of hospital episode statistics. BMJ. 2013;346.
13. Worni M, et al. Worse outcomes in patients undergoing urgent surgery for
left-sided diverticulitis admitted on weekends vs weekdays: a population-
based study of 31 832 patients. Arch Surg. 2012;147(7):649–55.
14. Concha OP, et al. Do variations in hospital mortality patterns after weekend
admission reflect reduced quality of care or different patient cohorts? A
population-based study. BMJ Qual Saf. 2014;23(3):215–22.
15. Bray BD, et al. Weekly variation in health-care quality by day and time of
admission: a nationwide, registry-based, prospective cohort study of acute
stroke care. Lancet. 2016;388(10040):170–7.
16. Phatak UR, et al. Is nighttime the right time? Risk of complications after
laparoscopic cholecystectomy at night. J Am Coll Surg. 2014;219(4):718–24.
17. Heller JA, et al. Surgery start time does not impact outcome in elective
cardiac surgery. J Cardiothorac Vasc Anesth. 2017;31(1):32–6.
18. Digital, N. Hospital Episode Statistics. [standard] 2017 2111–05-28T12:57:05
+01:00; Available from: https://digital.nhs.uk/data-and-information/data-
tools-and-services/data-services/hospital-episode-statistics. Accessed 8 Dec
2018.
19. Stewart B, et al. Global disease burden of conditions requiring emergency
surgery. Br J Surg. 2014;101(1):e9–22.
20. Detmer DE, Nevers LE, Sikes ED Jr. Regional results of acute appendicitis
care. Jama. 1981;246(12):1318–20.
21. Korner H, et al. Incidence of acute nonperforated and perforated
appendicitis: age-specific and sex-specific analysis. World J Surg. 1997;21(3):
313–7.
22. Raja AS, et al. Negative appendectomy rate in the era of CT: an 18-year
perspective. Radiology. 2010;256(2):460–5.
23. Drake FT, Flum DR. Improvement in the diagnosis of appendicitis. Adv Surg.
2013;47:299–328.
24. Blencowe NS, Parsons BA, Hollowood AD. Effects of changing work patterns
on general surgical training over the last decade. Postgrad Med J. 2011;
87(1034):795–9.
25. Tarnow-Mordi WO, et al. Hospital mortality in relation to staff workload:
a 4-year study in an adult intensive-care unit. Lancet. 2000;356(9225):
185–9.
26. Thorpe KE. House staff supervision and working hours. Implications of
regulatory change in New York state. Jama. 1990;263(23):3177–81.
27. Wong K, Duncan T, Pearson A. Unsupervised laparoscopic appendicectomy
by surgical trainees is safe and time-effective. Asian J Surg. 2007;30(3):161–6.
28. Hampton JR, et al. Relative contributions of history-taking, physical
examination, and laboratory investigation to diagnosis and management of
medical outpatients. Br Med J. 1975;2(5969):486–9.
29. Adibe OO, et al. An evidence-based clinical protocol for diagnosis of acute
appendicitis decreased the use of computed tomography in children. J
Pediatr Surg. 2011;46(1):192–6.
30. Kulik DM, Uleryk EM, Maguire JL. Does this child have appendicitis? A
systematic review of clinical prediction rules for children with acute
abdominal pain. J Clin Epidemiol. 2013;66(1):95–104.
31. Sengupta A, Bax G, Paterson-Brown S. White cell count and C-reactive
protein measurement in patients with possible appendicitis. Ann R Coll
Surg Engl. 2009;91(2):113–5.
32. Vaughan-Shaw P, et al. Normal inflammatory markers in appendicitis:
evidence from two independent cohort studies. JRSM Short Rep. 2011.
Singh et al. Patient Safety in Surgery           (2018) 12:33 Page 6 of 6
